Results: Forty-four families were enrolled, and 68.2% of the children were female. Common complications were gestational hypertension (gHTN) or preeclampsia (38.1%), preterm delivery (PTD; 71.4%), cesarean delivery (CD; 73.8%), birth weight <10th percentile (73.8%), neonatal intensive care unit (NICU) admission (88.1%), and congenital anomalies (59.5%). However, 81.8% of school-aged children were entirely in mainstream classes, and median physical, psychosocial, and total HRQOL scores were high: 90.6 (34.4-100), 86.7 (35-100), and 84.8 (34.8-100), respectively (100 = optimal quality of life).
INTRODUCTION
Trisomy 16 (T16) is the most commonly observed trisomy among spontaneous pregnancy losses and it is estimated to occur in 1 to 1.5% of all pregnancies. 1, 2 Complete T16 is generally considered to be incompatible with life, although there are case reports of survivors with large 16p and 16q copy gains, albeit with significant morbidity. [2] [3] [4] T16 has been associated with growth restriction, orofacial clefting, cardiac defects, renal dysplasia, imperforate anus, and many other anomalies. 2 In up to 10% of all T16 pregnancies, postzygotic trisomic rescue may occur, enabling the pregnancy to continue with the usual complement of two copies of chromosome 16 . 1 However, the risk of residual mosaicism exists with trisomic rescue, and limited information is available about the outcomes of pregnancies with mosaic trisomy 16 (MT16), particularly with respect to long-term childhood outcomes. A better understanding of these outcomes is essential because numerous prenatal testing modalities, including cell-free DNA screening, may lead to detection of MT16 of the fetus or confined placental mosaicism (CPM) of T16 or MT16. 2, 5, 6 Considering obstetric outcomes of MT16 and CPM, nearly all of the existing literature consists of case reports and small case series. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] Numerous complications have been described, including fetal growth restriction, intrauterine fetal demise, preeclampsia, and preterm delivery, 2, [6] [7] [8] [9] [10] but the frequency of these complications in pregnancies with MT16 and CPM is not well understood. With respect to fetal and neonatal outcomes, Benn et al. published a review nearly two decades ago describing growth restriction and dysmorphic features in many cases of MT16, as well as a variety of anomalies involving the cardiac, gastrointestinal, genitourinary, and musculoskeletal systems. 2 A later review of 36 cases surviving to at least 1 year of age also reported many of these outcomes, with at least one anomaly present in 53 and 65% of CPM and MT16 cases, respectively. 19 This study further addressed the poorly understood topic of neurodevelopmental outcomes, which were reported as normal during early childhood for all CPM cases and most MT16 cases despite frequent early morbidity. In contrast, other studies have suggested a high risk of developmental delay as well as the risk of infant death ranging from 2 to 33%, with potentially greater mortality among cases of fetal mosaicism rather than CPM. 2, 5, 6 To evaluate obstetric and neonatal outcomes in prenatally detected cases of MT16 and CPM as well as long-term neurodevelopmental outcomes and quality of life, we designed a cross-sectional survey study during which families of children with MT16 or CPM were interviewed. We hypothesized that obstetric and neonatal complications would be frequent but that overall long-term neurodevelopmental outcomes and quality of life would be more favorable than currently reflected by the literature. Purpose: To evaluate obstetric and neonatal outcomes as well as longterm neurodevelopmental outcomes and quality of life among prenatally detected cases of mosaic trisomy (MT16) and confined placental mosaicism (CPM) for trisomy 16.
Methods:
We recruited participants for this cross-sectional study through an international registry of families with children diagnosed with MT16 or CPM. Parents were interviewed about expectations based on prenatal counseling as well as about actual perinatal outcomes, congenital anomalies, medical conditions, and school progress. Health-related quality of life (HRQOL) was assessed via the
MATERIALS AND METHODS
This was a cross-sectional survey study conducted during 2015. Participating families were identified through the Disorders of Chromosome 16 (DOC16) Foundation, which is an international registry of families with children who have been diagnosed with chromosome 16 abnormalities. The DOC16 Foundation provides information to families about disorders of chromosome 16, enables families to connect with each other, and supports research on disorders of chromosome 16. Institutional review board (IRB) approval was obtained for this study .
Participating families were included if their child had a diagnosis of mosaic trisomy 16 (MT16) or if there was evidence of confined placental mosaicism (CPM) of either T16 or MT16. Exclusion criteria were all other chromosomal defects as well as multiple gestations. We also excluded those who received a diagnosis of MT16 later than 1 month of life to be inclusive of cases in which women declined invasive testing during the pregnancy but to avoid bias from childhood manifestations leading to genetic testing. Ultimately, there was only one child included who was diagnosed postnatally. One participating family with an affected pregnancy that was terminated provided information about demographics as well as prenatal expectations but was excluded from analyses of obstetric and neonatal outcomes. Another case in which intrauterine fetal demise (IUFD) occurred was similarly excluded from analyses of later obstetric and neonatal outcomes.
The diagnosis of MT16 is made when T16 is detected in two or more independent cultures from a sample. Testing scenarios that could lead to a diagnosis of MT16 included MT16 seen on a karyotype from both chorionic villus sampling (CVS) and amniocentesis, MT16 seen with amniocentesis alone, or postnatal testing of umbilical cord blood or neonatal blood showing MT16. CPM was diagnosed when a karyotype from CVS showed either MT16 or T16 in all cells but subsequent amniocentesis was normal, consistent with MT16 or T16 that was confined to the placenta but not present in fetal cells.
The DOC16 Foundation's chief executive officer and vice president contacted all families registered with the DOC16 Foundation to offer participation in the study. An email was sent to families describing the purpose and details of the study, and participation was offered for those meeting inclusion criteria. Interested families contacted the lead author (T.N.S.). Telephone interviews were arranged with one of the investigators or research staff (T.N.S. or K.T.) Verbal consent was obtained from one parent prior to the interview because of the distance families lived from our institution. However, written consent was obtained from at least one parent to allow our team to collect supplemental medical records. In the majority of cases, interviews were conducted with one parent, although both parents chose to participate in three cases. Families did not receive payment or other compensation for participation.
We designed a detailed questionnaire to gather information from parents. We collected demographic information about both parents and the affected child. Details were discussed regarding the genetic testing performed, including indication for testing, timing of diagnosis (prenatal versus postnatal), methods of testing (CVS, amniocentesis, serum, placenta), karyotype results, and ultimate diagnosis. Parents provided us with details of the genetic testing based on their personal records, and this information was recorded only if it was known with certainty. We obtained written consent to contact the institutions at which the testing was performed to confirm as many diagnoses as possible through karyotype reports. Parent expectations for their child prior to birth, based on the prenatal counseling they received, were assessed using ten-point Likert scales addressing the anticipated ability to learn, medical problems, physical limitations, and differences in physical appearance.
Obstetric history for the mother was obtained, including details of the pregnancy with the affected child such as preterm birth, preterm premature rupture of membranes (PPROM), gestational diabetes, preeclampsia, mode of delivery, gestational age (GA) at delivery, and indications for induction of labor or cesarean delivery. In terms of neonatal outcomes, information was collected about birth weight, birth length, admission to newborn nursery or neonatal intensive care unit, and presence of any congenital anomalies. We calculated birth weight and length <10th percentile using standard infant and child growth curves. 20, 21 Anomalies were assessed by organ system, and critical congenital heart defects were defined in accordance with the Centers for Disease Control and Prevention.
22 Information was also gathered about any current acute or chronic medical conditions for children as well as current weight and need for feeding assistance.
For families with school-aged children, we collected information about current grade in school, requirement for specialized classes, need for repeating a grade, and participation in physical activities. Parent assessments of children's progress in school were evaluated using ten-point Likert scales regarding math abilities, language abilities, need for extra help, and overall progress for grade level. For children 5 years of age and older, the PedsQL (Pediatric Quality of Life Inventory) 4.0 Generic Core Scales were used to measure health-related quality of life (HRQOL) 23 in the four core health dimensions outlined by the World Health Organization (physical, emotional, social, and school). This inventory was designed to assess current HRQOL by considering level of function during the past month for each child. A parent-proxy format was utilized due to the logistic difficulties obtaining consent and administering the inventory to children from the distance at which most families lived from our institution. The PedsQL 4.0 has been shown to distinguish between healthy children and those with acute or chronic medical conditions, and it has been validated in both populations. 23, 24 For detailed information about the PedsQL 4.0, including number and types of questions as well as the scoring system, please refer to the Supplementary Materials and Methods online.
Data from interviews were entered into a database. The scoring system for the PedsQL 4.0 was followed to calculate mean HRQOL scores. Median values with ranges are otherwise 
RESULTS
A total of 44 families were enrolled. Eighty-eight percent (39/44) of interviews were conducted with the mother of the child, 4.6% (2/44) were conducted with the father, and 6.8% (3/44) were conducted with both parents. Sixty-six percent (29/44) of participating families lived in the United States, with the remainder located internationally. Median maternal and paternal ages at the time of the child's birth were 33.5 and 37 years (21-49), respectively. The majority of parents selfidentified as white in terms of racial/ethnic background (79.6% of mothers and 88.6% of fathers). In total, 30/44 children were female (68.2%), and the median age of the children at the time of interview was 5.8 years (0.8-19.3). Children were widely distributed across educational levels, from too young for school through college ( Table 1) .
During pregnancy, 43.2% (19/44) of mothers initially had chorionic villus sampling (CVS), whereas 54.5% (24/44) had an amniocentesis alone without a preceding CVS. Either T16 or MT16 was seen with all CVS procedures, and all were followed by amniocentesis. One woman had a fetus that measured small for dates throughout the pregnancy, but she declined genetic testing until after birth. Placental testing for this woman showed T16 and neonatal blood was euploid, consistent with CPM. Overall, CPM was diagnosed in 27.3% (12/44) of cases (11 cases that had both a CVS and amniocentesis and the one previously described case in which genetic testing was declined until after birth). MT16 was diagnosed in 72.7% (32/44) of cases (8 cases that had both a CVS and amniocentesis and all 24 cases that had amniocentesis without preceding CVS). Two cases of MT16 were excluded from later obstetric and neonatal outcomes analyses: one in which the pregnancy was terminated and one that resulted in intrauterine fetal demise. Regarding the reasons for genetic testing, parents reported increased risk of aneuploidy with serum screening (62.8%), fetal size measuring less than dates (20.9%), suspected anomalies (18.6%), advanced maternal age (11.6%), increased nuchal translucency (7.0%), and others (11.6%). .
Considering parents' expectations for their child based on prenatal counseling, the median expectation score for children's ability to learn was 6 (range 1-10; 1 = no trouble learning, 10 = significant cognitive impairment). Parents expected median scores of 7.5 (2-10) for medical problems (1 = no major medical problems, 10 = significant medical problems), 5 (1-10) for differences in physical appearance (1 = no differences in physical appearance, 10 = major differences in physical appearance), and 5 (1-10) for physical limitations (1 = no physical limitations, 10 = major physical limitations). Table 2 outlines obstetric and neonatal outcomes. A high prevalence of several outcomes was noted for the overall cohort, such as gestational hypertension or preeclampsia, preterm delivery, cesarean delivery, birth weight <10th percentile, neonatal intensive care unit admission, and anomalies of the cardiac, genitourinary, musculoskeletal, and central nervous systems. Comparing the MT16 and CPM subgroups, there was a higher rate of any congenital anomaly for MT16 cases (70 vs. 33.3%, P = 0.04) as well as specifically of musculoskeletal anomaly (30 vs. 0%, P = 0.04). Table 3 outlines the types of anomalies reported, along with other physical features and medical issues. Body asymmetry was described for 21.4% (9/42) of children (asymmetrically set eyes, ears, or nipples; other facial asymmetry; or limb length discrepancy).
At the time of interview, 51.2% (21/41) of children met the criteria for weight <10th percentile, and most of them were younger. Of those too young for school, 88.9% (8/9) had a current weight <10th percentile compared to 37.5% (6/16) of those in preschool, 62.5% (5/8) of those in grade school, and none of the 6 children in middle school or high school, although both children of college age reported weights <10th percentile (P = 0.01). Three children (7.1%, 3/42) had required a gastrostomy tube for feeding assistance at any time in their life, two of whom still had this in place at the time of interview (ages 9 and 13 months). One child (2.4%, 1/42) still had a nasogastric tube in place for feeding assistance at the age of 9 months. Two children had died, one at 13 months secondary to seizure and loss of tracheostomy (this was the only child reported to require Of the 78.6% (33/42) of school-aged children in our cohort, the majority were entirely in mainstream classes (81.8%, 27/33). Twelve percent (4/33) of children split time between mainstream classes and special education, and 6.1% (2/33) were entirely in special education. Only 6% (2/33) of children had repeated a grade level. In terms of overall progress in school, parents reported a median score of 8 (1.5-10; 1 = no progress, 10 = above average progress for grade). In terms of need for extra help, the median score was 9 (1-10; 1 = substantial need for extra help, 10 = no need for extra help). Progress in mathematics and language received median scores of 8.5 (1-10) and 10 (4-10), respectively (1 = substantial challenge, 10 = no difficulty). The majority of children whose schools offered an outdoor curriculum participated in physical education (82.8%, 24/29), and 78.8% (26/33) played an extracurricular sport ranging from swimming to gymnastics and fencing.
Children's current HRQOL was assessed using Likert scales from the PedsQL 4.0 Generic Core Scales, which consider the four core health dimensions of physical, emotional, social, and school functioning. The lowest possible score was 0 and the highest was 100, with higher scores indicating a better quality of life. Median HRQOL scores were 90.6 (34.4-100) for physical functioning, 80 (15-100) for emotional, 90 (30-100) for social, and 90 (30-100) for school. The median psychosocial HRQOL score (incorporating the emotional, social, and school dimensions) was 86.7 (35-100), and the median total HRQOL score was 84.8 (34.8-100).
Finally, subgroup analyses investigated the effects of child gender and degree of trisomy on obstetric and neonatal outcomes, congenital anomalies, school achievement, and HRQOL. Considering gender, birth weight <10th percentile was observed more frequently among females (85.7% (24/28) vs. 50.0% (7/14), P = 0.02), but males had higher rates of any cardiac anomaly (85.7% (12/14) vs. 42.9% (12/28), P = 0.01) and of critical congenital heart defects (35.7% (5/14) vs. 3.6% (1/28), P = 0.01). There were several differences in congenital anomalies by degree of trisomy in amniotic fluid: the median percent of trisomic cells was 45% (0-75, N = 18) for cases with any cardiac anomaly versus 3.6% (0-34, N = 14) without (P = 0.01), 69.7% (20- Fisher's exact test compared proportions between groups.
CCHD, critical congenital heart defect; CPM, confined placental mosaicism; ENT, ear, nose, and throat; GA, gestational age; MT 16, mosaic trisomy 16; PPROM, preterm premature rupture of membranes.
a Median values with ranges are presented for continuous variables. MT16 to CPM, no differences were observed in school achievement or HRQOL.
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DISCUSSION
Through in-depth interviews of families in which a child was diagnosed with MT16 or in which there was evidence of CPM of T16 or MT16 during pregnancy, we found a high prevalence of obstetric and neonatal complications as well as congenital anomalies. Not surprisingly, the presence of any anomaly was more likely in the setting of fetal mosaicism in comparison to CPM. Importantly though, the majority of children demonstrated normal neurodevelopmental outcomes and high HRQOL scores.
Other case reports and small series have similarly documented a spectrum of perinatal risks including fetal growth restriction (FGR), preeclampsia, intrauterine fetal demise, and preterm delivery in the setting of MT16 and CPM. [5] [6] [7] 15 These outcomes, as well as cesarean delivery (CD), were particularly common in our cohort. FGR has been hypothesized to result from placental insufficiency in the setting of trisomic cells, 2, 19 and placental lesions such as perivillous fibrin deposits, edematous villi, and infarction have been described. 2, 7, 12 An increased risk of preeclampsia may also result from placental dysfunction, perhaps associated with poor extravillous trophoblast differentiation or the distribution of trisomic cells. 25 Reasons for the very high CD rate in our cohort (73.8%) are not clear, although "fetal distress" was the most commonly reported reason. The spectrum of adverse obstetric outcomes, with varying severity and types of organ systems affected, is probably due, in part, to heterogeneous distribution of trisomic cells throughout the placenta and fetal body. 2 Although it is known that pregnancies with T16 have a very high risk of early spontaneous loss, and although prior studies have suggested an increased risk of loss for those with mosaicism, the degree of this risk for pregnancies with MT16 or CPM is not clear. 2, 5, 6 We were not able to assess this risk because women who experienced an early spontaneous loss with MT16 or CPM did not contact our study team for participation or may not have been registered with the DOC16 Foundation. The effects of fetal mosaicism versus CPM also deserve further exploration, and we may have been underpowered for these analyses. Additionally, the role of uinparental disomy (UPD) remains unclear 2, 6, 19, 26 because UPD testing was clearly performed for only eight cases in our cohort.
The predominance of females in our cohort has been reported in other series and has been postulated to result from differential selection pressures with higher rates of trisomic rescue among female fetuses and early spontaneous loss among males. 2, 25 However, our findings of higher rates of birth weight <10th percentile for females and a greater frequency of cardiac anomalies for males are novel and deserve further exploration. With respect to congenital anomalies, our rates of 59.5 and 38.1% for any congenital anomaly and multiple congenital anomalies, respectively, are similar to those reported in other series. 5, 19 Interestingly, the higher percentage of trisomic cells in amniotic fluid with several types of anomalies (cardiac, musculoskeletal, and central nervous system) was also a novel finding, and it is likely that a greater concentration of trisomic cells in these tissues explain these findings.
Considering long-term outcomes, one other published series reported neurodevelopmental outcomes for cases of MT16 and CPM and found that only 11% of cases showed evidence of developmental delay. 19 Similarly, we found that the majority of school-aged children in our cohort were in mainstream classes and had rare needs for grade repetition. Further, despite more guarded expectations based on prenatal counseling, parent assessments of children's school progress and HRQOL were quite high. For comparison, Varni et al. 24 administered the same PedsQL 4.0 Generic Core Scales to populations of healthy children as well as children with acute and chronic medical conditions. Median HRQOL scores for children in our cohort were higher than those for the acute and chronically ill groups in the study by Varni et al. and were on par with their scores for healthy children.
Although this work represents a large series of affected children and the evaluation of important long-term outcomes, there are several limitations to consider. Despite this being one of the largest cohorts in the existing literature, some of our analyses were most likely still underpowered. Response bias may have affected the demographics of our cohort or the outcomes presented. It is not possible to reliably ascertain a response rate for our study because there are families registered with the DOC16 Foundation who may not have received recruitment emails if they did not actively use the listed account. Families from many countries were enrolled, and although all interviews were conducted in English, it is possible that cultural differences affected some answers or their interpretation. Differences in educational approach may have led to different thresholds for placing children in special education classes or recommending that a grade should be repeated. Recall bias could have affected our results, particularly for families with older children. However, the majority of families referenced personal or medical records to answer our questions, and responses were not analyzed if they were provided in the context of uncertainty. We made extensive efforts to obtain genetic records to confirm the diagnosis for all children in our cohort, although six families declined this and we ultimately obtained records for 45% of the cohort. In several cases, particularly for the older children, the testing records had been moved into storage by the ordering institution and were not accessible for our review. Of note, genetic diagnoses were accurate in all cases for which records were obtained. Finally, we used a parent-proxy approach to assessing HRQOL for children; however, this approach has imperfect concordance with self-report. 24 However, the distance that most families lived from our institution precluded a clear consent process for children and assessment of HRQOL by the child's self-report.
In conclusion, we found high rates of perinatal complications and congenital anomalies among cases of MT16 and CPM, but the majority of children exhibited normal neurodevelopmental outcomes and high HRQOL. This study contributes important information about not only the prevalence and types of perinatal outcomes but also the long-term data regarding neurodevelopmental outcomes. In addition, it is the only assessment to date of childhood quality of life in the setting of MT16 or CPM. It is essential to counsel families receiving these diagnoses with balanced information, acknowledging not only associated complications but also the potential for more favorable longterm outcomes. Future research should focus on long-term outcomes for other cohorts with MT16 and CPM, differences in outcomes for fetal mosaicism compared to CPM, and effects of other factors such as uniparental disomy and degree of trisomy.
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